Abstract. Tensile plate specimens with dimension of 450×100×40mm were cast with 3D glass fabric having three different thicknesses 6, 10 and 15mm to measure their tensile strength. Plates with one and two layers of chicken wires, as well as micro steel fiber of 0.75% volume fraction were tested under tensile for comparison with references plates. Cement mortar with 61.2MPa cube compressive strength at 28 days was designed for casing the plates. The results indicated that after cracking of the mortar the textile reinforcement adds a strain hardening trajectory, that cause failure to occurs at slightly higher load and a higher strain. The improvement in tensile strength at 28 days ranged between 5 to 30%, and for 90 days between 5 to 60% for the three types of fibres used. Based on the results a significant increase was indicated with micro steel fiber.
Introduction
The mechanical possibilities and advantages of Textile Reinforced Mortar have been proven, both as strengthening material and as precast material (in this field this composite is also called Textile Reinforced Concrete TRC) [1&2] . As Textile Reinforced Mortar (TRM) usually bears tensile loads, it is very relevant to investigate the behaviour of this material under pure tensile loads.
The tensile strength can be determined approximately by direct tensile specimens. Usually tensile strength of normal brittle concrete is less imperative, but not in the case of steel fibre reinforced concrete, since steel fibres influence the ductility [3] . Tensile testing is performed to understand the material behaviour of fibre reinforce cementations composites in tension and to determine the values necessary for analysis and design of structural elements. To provide accurate material characteristics for design, the geometric relationships between the microstructure and the stresses in the test specimens as well as the boundary conditions must correlate to those in the product to be designed [4] . The load bearing behaviour of textiles as reinforcement can be seen similar to steel reinforced concrete (SRC) since the reinforcement is aligned in the direction of the tensile strength. The main difference in the load bearing behaviour between textile reinforced concrete (TRC) and steel reinforced concrete (SRC) is the bonding between the reinforcement and the concrete matrix. The reinforcement bars in steel reinforced concrete (SRC) are profiled to transfer forces between the reinforcement and concrete. In (TRC) the reinforcement yarns of the textile work on adhesion and friction. When a yarn in the textile structure consist of multiple non-twisted filaments the full tensile strength cannot be utilized, since only a part of the yarns has direct bonding with the concrete matrix (because a part of the yarn gets impregnated with concrete). Tensile test on textile reinforced concrete (TRC) specimen was done. It was found that the behaviour was the same as steel reinforce concrete (SRC) [5] . This behaviour can be described in three stages.
From previous experiments, it was observed that the (TRC) specimen has lower (10 to 30%) stiffness than the textile itself. This has been explained by the failure of a small part of the filaments during the cracking stage. Unlike steel reinforcement, textile reinforcement does not show plastic behaviour. Although the reinforcement does not deform in a plastic way, (TRC) does not fail in a brittle way due to pull-out of the fibres. Figure (1b) shows the stress-strain diagram for multiple types of TRC specimens loaded with a centric tensile force [6] .
The influences of geometric patterns of 3D spacer fabric on the tensile behaviour of concrete canvas were investigated [7] . Tensile stress-strain curves and crack propagating patterns of concrete canvas were obtained in warp and weft directions through experiments. The average values of three parallel samples were acquired for different concrete canvas in warp and weft direction, respectively. Experimental results revealed that the concrete canvas samples reinforced by the 3D spacer fabrics exhibited improved tensile behaviours in terms of tensile strength, reinforcing efficiency factor and crack pattern. Moreover, for concrete canvas, 3D spacer fabric reinforcement was a better option than spacer yarns alone. 04008 (2018) https://doi.org/10.1051/matecconf/201816204008
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Experimental program to evaluate the mechanical properties of cement-based composites were carried out [8] . The variables were water to cement (w/cm) ratios, silica fume (SF) percent and volume fraction of steel fibre. Compressive strength, direct tensile strength, and drop weight tests were performed. It was found that cement-based composites containing 10% SF demonstrates better compressive strength, direct tensile strength and abrasion resistance, and worse impact resistance than composites containing 5% SF. The 10% SF specimens with w/cm of 0.35 and 0.65 have 18% and 15% higher compressive strength, 3% and 8% higher direct tensile strength, 83% and 62% lower impact toughness than the control specimen. The addition of steel fibre to SF composites achieve 10% and 9% increase in compressive strength, 31% and 15% increase in direct tensile strength, and 418% and 296% increase in impact toughness. Lightweight concrete with ferrocement subjected to axial tension was studied [9] , in which blast furnace slag with sand was used. Steel galvanized woven square mesh of 4 × 20 gauge with 6.35 mm diameter of wire is used. Sand was replaced by blast furnace slag in the range of 0 %, 20 %, 35 %, and 70 %. Five volume fractions had been used for total 6 layers of mix proportion of in ratio 1: 2 with w/c of 0.5. The result showed that the replacement of blast furnace till 20 % cause maximum increase in axial tension strength while any increase in blast furnace slag to 35 % and 70 % shows decrease in strength. Tensile strength of specimen was found to be directly proportional to the number of mesh layers.
Enhancement of the load carrying capacity of mortar of cement sand ratio 1:2 with w/c of 0.45 was investigated [10] . Using wire mesh with diameter of 0.94 mm and grid size of (12×12 mm) welded. Plain concrete with ferrocement jacket provides remarkable lateral confinement pressure which increases axial load carrying capacity.
An experimental study [11] on the direct tensile strength of plates by using different numbers of wire mesh and inducing steel fibres with, keeping constant thickness of plates. Wire mesh layers ranged from (1-6) layers, test specimens used were 300*50mm with a uniform thickness. Steel fibres with volume fraction of 0.5 % of total volume of composite were added. Test result indicates that; direct tensile strength is directly proportional to the number of mesh layers used. Steel fibres usage increases tensile strength by about (10 to 17) % as compared with specimens without steel fibres.
In this work more than 60 plate specimens were cast with 3D glass fabric having three different thicknesses 6, 10 and 15mm and different number of layers to measure their tensile strength. Plates with one and two layers of chicken wires, as well as to plates with micro steel fibre of 0.75% volume fraction were tested under tensile for comparison with references plates. Cement mortar with 61.2MPa cube compressive strength at 28 days was designed for casing the plates.
Experimental work
An experimental program was devoted in this work to investigate the structural behaviour of self-compact reinforced concrete plates subjected to tensile load. Test Specimens with dimension (450 ×100×40) mm were divided into six croups according to the fibre reinforcement thickness, layers, direction of reinforcement, and type of reinforcement. First group consisted of plates cast with self-compact mortar (SCM) without any reinforcement; the second group was reinforced with 6mm 3D glass textile fibre, reinforced with one layer, two layers. Third group cast with10mm 3D glass textile fibre with one and two layers, while the fourth group contains 15mm 3D glass textile fibre casted with one layer only. The fifth plate group consisted of self-compact mortar reinforced with chicken wire casted with one and two layers, the sixth group reinforced with micro steel fibre of 0.75% volume fraction, three specimens were casted for each test age (28 and 90) days. All details of the specimens are shown in Table  (1) . 
Materials properties
The properties of materials used in the preparation of the tested reinforced and unreinforced self-compact mortar are described below: 1-Cement: Ordinary Portland cement (type I) from Krasta Factory was used to cast all the specimens, the chemical composition and physical properties are listed in Table ( Table  (5). 2-Silica Fume: Silica Fume (SF) produced by BASF Company was used as pozzolanic admixture. Cement was replaced by 5% of silica fume by weight of cementitious material. The silica fume used in this work conforms to the requirements of ASTM C-1240-05 [16] , ASTM C-311-05 [17] . The technical specifications of silica fume are presented in Table (6). 3-3D textile glass fibre: 3D textile glass fibre woven fabric consists of two bidirectional woven fabric surfaces mechanically connected with vertical woven piles. Two S-shaped piles combine to form pillar, 8-shaped in the warp direction and I-shaped in the weft direction. For the use of a textile as reinforcement in concrete, textile should have an open mesh allowing the mortar or concrete to penetrate the textile for good bond between the materials, for this reason, 19 mm holes at distance 50mm center to center -for both direction were drilled (by tool cutters) for the 3D textile glass fibre glass woven; this process must ensure good penetration of the cement matrix Plats (1) shows the surface, thickness and fibres holes). 3D glass fibre textile woven was export from china. Tables (7) and (8) show typical properties, of different-Fabric Specifications.
4-Mesh chicken wire: The Rhombic shape meshes of reinforcement, fabricated from 0.54mm -nominal diameter steel bars, the opening in the long and short direction (10.6, 7.92mm) respectively. 5-Micro steel fibre: Steel fibres are used in selfcompact mortars (SCMs) to enhance some properties and improve the ductility; it was manufactured by Ganzhou Daye Metallic Fibre Co., Ltd, China. (http// www.gzdymf.com), it is subjected to (ISO 9001 /2008), the properties are summarized in Table (9) . After pouring the first layer of self-compact mortars; micro steel fibre (0.75%) volume fraction was randomly distributed by hand. See Plate (2) micro steer fibre casted. 
Mixing of self-compacting mortar (SCM)
The proportion of the constituents for the prepared mortar mix is 1:1 (cement sand) by weight of ordinary Portland cement and cementitious materials: fine aggregate with 0.6mm maximum size. The superplasticizer (SP) had a dosage of 1liters per 100 kg of material (cement and binder), w/b of 0.36 was selected for this investigation. The mortar was prepared using a small mechanical mixer conforming to ASTM C305-04 [18] . The mixing procedure is descried below: First, add cement, fly ash and silica fume in the mixer, operating at low speed for 30 sec. until a uniform distribution is reached, Second, add sand and mix for 1 min. at medium speed, Third, add the first part (2/3) of water and mix thoroughly for 30 sec. at low speed, stop 2 min to clean blades, now, add SP and remaining water and mix for 2 min. at normal velocity, Stop the mixer and wait for 1 min., and then finalize the process by mixing at normal velocity for 3 min. Finally, do the discharge. 
Fresh Mortar properties 4.1 Determination of slump-flow
The test apparatus for measuring the flow and viscosity of mortar comprises a mini slump cone with a graduated glass plate. Slump cone has 70mm and 100mm top and bottom diameters respectively with height of (59mm). The subsequent diameter of the mortar is measured in two perpendicular directions and the average of the diameters is reported. In this test, the truncated cone mold is placed exactly on the (100 mm) diameter graduated circle marked on the glass plate, filled with mortar and lifted upwards. Fresh properties of mortars were evaluated by the mean value of two perpendicular flow diameters in the spread test. Mortars were prepared manually in a container to observe its behaviour. The procedure for test was followed as described in [19] see Plate 3.
Determination of Flow Time
Flow time was determined in the v-funnel test; the dimension of v-funnel is show in Fig. 1 .
Mechanical properties of hardened self-compact mortar
Compressive strength
This test was done on cubes according to the Standard Specification I.Q.S. No.5/1984 [15] . A3000kN capacity testing machine was used for compressive test. The average compressive strength of three cubes (77×77×77mm) was recorded for each testing age (7, 28, 90 days).
Flexural strength
The flexural strength testing is carried out on prisms with (40 × 40 ×160 mm) self-compact mortar prism. The prism is then loaded at its center point until failure. Using three mortar prisms for each age (28, 90) days and the average of three results is adopted. A 20kN capacity Beijing United testing machine was used for this test. The flexural strength is calculated, as follows: -
where: fr is the flexural strength [which is measured in (MPa), P is the maximum load, measured in (N), L is the clear span length, measured in (mm), b is the width of specimen, measured in (mm), Finally, d is the average depth of specimen, measured in (mm). The mortar prisms were prepared according to ASTM C 348-04 [20] . Plate (4) shows the flexural test. 
Tensile strength of mortar
Tensile Strength of mortar test was tested according to B.S 6319-7:1985 [21] . Briquette mold was used for this test, Plate (5) shows mortar tensile test. The average of three samples was used.
Tensile strength for plate specimens
The specimens are designed with a dimension (450×100 ×40 mm), hydraulic machine of 1000 kN capacity used for this test. To connect the specimens to the test device a re-usable steel connection was designed. In this connection, the specimen is clamped between two steel plates with a length of 100 mm, leaving a measurement area of 250 mm. The tensile stress in the specimen is uniformly introduced by friction between the clamping plates and the specimen element. The 'friction' load in orthogonal direction is provided by pre-tensioning 4 M 20 bolts between two steel plates that run over the clamping plates. To increase the friction coefficient and to prevent stress concentration on the uneven prism surface of the specimen a rubber layer was placed between the steel plates and the prism specimen, LVDT was clamped at the face of the prism specimen and connected to output screen data. Fig. 2 and Plate (6) shows setup of tensile test that was designed, tensile specimen connects to test device by holes and bolts. 6 Results and discussion
Properties of fresh mortar
The test results relevant to the slump flow diameter, Vfunnel flow time are presented in Table 10 . The result shows the mixture had slump flow diameter, V-funnel flow time conforming to [19] . Where Dm is the mean value of the two perpendicular diameters, measured in (mm); Do is the initial diameter of the base of the cone, measured in (mm), and finally, 
Properties of hardened SCMs
The hardened properties of the mortars were summarized in Table 11 . From results shown in Table 11 , the strength increased with ages. This development in compressive strength, tensile strength and flexural strength can be attributed to the continuous hydration process (C-S-H), also presence of silica fume tends basically to consume the calcium hydroxide crystals released from the hydration process leading to the formation of further calcium-silicate-hydrate (secondary C-S-H).
Direct tensile strength of plate specimens
The tensile test was conducted at 28 and 90 days after casting of specimens. During the execution of the tensile tests changes were made to the connection device based on the observations during the experiment, the specimen started to slip out of the connection device at a load of 11kN. This indicates that frictional coefficient between these layers was not sufficient. It was decided to glue the rubber layer on the steel clamping plate, making the connection suitable for testing, and by increasing the pretension in the bolts increased the frictional force between the steel, rubber and concrete. After this measurement, the specimens failed before slipping occurred. Table 12 and Figs (3 -5) show an overview of the results of the tensile tests. The direct tensile strength increases with age for all mixes as shown in Fig. 3 , this development in strength can be attributed to the continuous hydration process (C-S-H), also presence of silica fume tends basically to consume the calcium hydroxide crystals released from the hydration process leading to the formation of further calcium -silicate-hydrate (secondary C-S-H) and contributing to interfacial bond strength between diverse types of fiber used in present work and the matrix. All fibrous mixes demonstrated higher tensile strength relative to reference (R) mix at all ages. Direct tensile strength indicated significant increase in strength due to the inclusion of fibers. From the results shown in Table  12 , Figs (4 & 5) the percent of increase in tensile strength was found to be increase with the increase in thickness and number of layers of 3D textile, about (5.13 to 13.6%), (12.9 to 19%) for ages (28, 90 days) respectively. Also, the increase in tensile strength when reinforced with two layers, about (10.51 to 14.1%), (26.8 to 28.8%), for mesh chicken wire increased tensile strength (7.7, 7.3%) and for two layers about (10.2, 12.2%), finally in case of micro steel fiber the increment (33.6, 63%) at ages (28, 90 days), this result agree with [12] . This increase in strength is likely due to the bond between the matrix and fibers which increase the possibility of counteracting crack growth and preventing micro-cracks coalescing to form large cracks. The strength increase due to inclusion of steel fibers is attributed to the mechanism of steel fibers in arresting crack progression. Where, the presence of fibers in concrete restrains the development of internal microcracks and thus contributes to an increased tensile strength. Thus, the increase in fiber thickness or fiber layers, i.e. increase in fiber content, leads to an increase in the tensile strength of SCMs as shown in Figs (3-5) . On the other hand, with an increase in fiber content, the fibers become more densely spaced, and they may hinder growth of micro-cracks within the brittle matrix and increase the direct tensile strength of the plates.
All the specimen's testes showed the same failure mode; the failure cracks on each specimen were located near the support and clearly progressed from one to the other side of the specimen. This indicated the specimens were not loaded on pure centric tensile, but on a small bending moment as well, when the failure point of the fiber in the crack stabilizing stage was reached it was observed that the width of the cracks would increase rapidly.
The following reasons are identified that could introduce a bending load on the specimens: 1.
The specimens were cast in an open mold, this leads to one smooth surface and one rough surface on the specimen. The friction coefficient of concrete and rubber is likely to be dependent on roughness of the surface. Different friction coefficients on each side of the specimen could lead to an uneven introduction of the tensile stress.
2.
Using 4 bolts to apply the load on the clamping plates to introduce the tensile stress by friction, causes [19] 24-26 7-11 -- unequal pre-tension in these bolts, this could lead to uneven introduction of the friction load in the specimen.
After failing of the reinforcement and with decreasing tensile load, the specimens showed a long strain softening trajectory due to the pull-out (friction) of the inner fibers of the yarn, as indicated in Fig. 3 , this behavior conformed to [8] .
Conclusions
Based on the results from experimental tests the following conclusions can be drawn for the self-compact mortars reinforced with diverse types of fibers:
1. The direct tensile strength increases with age for all mixes. All fibrous mixes present higher tensile strength relative to reference mix at all ages. 2. The increase in fiber thickness or fiber layers, (i.e. increase in fiber content) leads to an increase in the tensile strength of SCMs. 3. Increase in strength is likely due to the good bond between the matrix and fibers which increase the possibility of counteracting crack growth and prevent micro-cracks coalescing to form large crack. 4. The tested for reference (R) (unreinforced), also SCM reinforced with mesh chicken wire and micro steel fiber, show the same behavior (failed suddenly and split into two separate parts). 5. 3D textile fibers plates are cracked at failure without separation. 6. The tested specimens showed the same failure mode; the failure cracks on each specimen were located near the support and clearly progressed from one to the other side of the specimen. 
